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Abstract: The thermal stability of betanin was gradually improved by composite stabilizer addition, membrane coating
and microencapsulation, and its actual application performance was subsequently evaluated on flatbread. The results showed
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that betanin exhibited enhanced thermal stability following the addition of ascorbic acid and sodium alginate after heating at

90 °C for 20 min; the retention rate reached 66.23%. Furthermore, a sodium alginate-calcium ion membrane was prepared to

prevent exposure of betanin to water and oxygen to enhance the thermal stability of betanin on flatbread. The color difference

value of flatbread with betanin was 16.96 after steaming at 100 C for 12 min. Finally, by using ascorbic acid and sodium alginate

as composite stabilizers and the sodium alginate-calcium ion membrane as a protective membrane against water and oxygen,

betanin-loaded microcapsules were prepared through external emulsification. After heating (at 100 ‘C for 12 min), the

retention rate of betanin and color difference value were 68.13% and 12.86, respectively, indicating that the microcapsules

protected betanin. Therefore, the proposed method may improve the thermal stability of both aqueous and microencapsulated

betanin through antioxidant-polysaccharide effects, membrane coating, and microencapsulation. In addition, betanin was

applied in flatbread products. These findings are vital for the development and utilization of natural pigments.
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Fig.1 Flow chart of microcapsules loaded with betanin prepared by external emulsification
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Fig.3 Retention rate of betanin solution with acid compounds
or polysaccharides after heat treatment
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Fig 5 Flatbread coated with betanin solution with different mass concentrations
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%2 TRREREOHRLBTERERY LOL*, a*, b TALE

Table 2 The L*, a*, b* and AE values of betanin solution on flatbread with different mass concentrations

ERRERRE g L* a* b AE
(mg/mL)

AT 4838 £1.81 46.70 £1.23 9.77 £0.70

5 39.09 + 0.90"
b= 54,74 £ 1.45 12.44 £0.71 27.19 £0.60
AT 45.19 £ 0.36 49.72 £ 0.40 13.32 +0.43

6 36.76 £ 2.16"
By 54.85+0.63 17.95 £3.11 28.76 £1.50
AT 43.72 £0.64 50.57 £ 0.53 14.21 £0.54

7 35.08 £0.95
By = 51.09 + 0.30 19.20 + 1.40 27.95+1.74
AT 41.61 £1.23 50.65+0.41 16.14 £0.91

8 36.88 + 5.48"
By = 51.67 +3.88 16.57 +4.42 25.57£0.82
AT 40.41 £ 0.59 50.58 £0.38 16.52 +0.38

9 30.75 £0.26"
By 49.56 £0.83 24.39 +£0.94 29.72 £0.91
AT 40.34 £0.55 4950 £0.17 16.15 £ 0.49

10 29.49 + (.87
Y= 48.83 £0.89 2426 +1.78 28.57+1.30
AT 38.27 £0.47 4928 £0.71 17.70 £ 0.43

11 2439 £1.60°
Y= 46.83 £1.96 29.15 +1.03 28.39 +0.83
AT 38.24+1.28 48.70 £ 0.33 16.64 + 1.44

12 24.77 £ 2.60°
B 47.42 £1.74 29.46 +1.58 29.07 £ 1.64
38.04 +0.48 49.50 £0.13 18.39 £0.71

13 17.17 £0.45
ke 43.12 £0.61 35.80 +0.22 27.38 £0.25
AT 36.17 £0.45 48.56 £0.18 19.77 £0.56

14 18.73 £2.45"
&E 44.82 £1.68 3433 +1.53 28.14 £ 1.64

i AR F LA EAFTR—FHEREFEFE (P<0.05). &£3. 4F.

* 3 AEAFEEAXTHFXLBERAEEM LML a*. b*FIAEE
Table 3 The L*, a*, b* and AE values of betanin on flatbread under different cooking methods

F5  ARAFE M BT 18] L* f& a* 18 b* {1 AE

AT 38.63 £0.87 48.38 £ (.64 14.59 +0.94

1 THLAA 26.84 = 1.59°
EE 49.00 £1.96 30.72 £0.58 31.79 £ 0.59
AT 38.29 +£0.25 48.22 £0.09 15.55 £ 0.34

2 Fm KA 20.10£0.57°
b= 46.07 £ 0.86 32.96 £ 0.71 25.96 £ 0.73
AT 37.91£0.27 47.35%0.12 1532 £0.44

3 FAKRA 16.79 £ 0.49°
EE 42.08 £1.03 33.66 £0.14 24.06 £ 0.95
AT 40.70 £ 0.85 48.56 £0.78 1439 £0.26

4 AmAA 11.64+1.17°
b= 40.61 = 1.00 37.10£0.56 13.38 £ 1.10
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Fig.6 Appearance of betanin on flatbread under different
cooking methods
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Fig.7 Appearance pictures of flatbread coated with betanin before and after cooking under different coating processes
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Table 4 The L*, a*, b* and AE values of flatbread coated with betanin under different coating processes

iR i )| L b* AE
AT 38.63 £ 0.87 48.38 £ (.64 14.59 £ 0.94 \
1 . 26.84 £1.59
Y= 49.00 £ 1.96 30.72 £ 0.58 31.79 £0.59
AT 37.09 +0.49 50.61 +0.67 18.61 £ 0.39
2 2139 £2.28°
Py 43.01+2.27 31.05 £0.90 2434 % 1.57
AT 41.53 £0.63 4598 £2.19 13.62 £0.86
3 34.31 = 1.00"
Y= 51.93+2.67 20.33 £0.30 33.62 +0.64
AT 38.64 £0.92 46.46 +1.32 16.45 £0.59 }
4 16.82 +2.48
Y= 42244219 32.03+1.61 24.12 £ 1.00
AT 38.84 £ 1.69 47.78 £ 0.86 1521 £1.31
5 23.11 £ 1.77°
Y= 47.85+0.92 29.42 £2.37 25.54 +0.45
AT 41.20+1.53 4938 +1.74 13.34 £2.51 ]
6 16.96 £0.95
xE 39.03+2.42 34.29 +0.89 19.91 £ 1.02
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Fig.8 Appearance of microcapsules loaded with betanin
before heating (a) and after heating (b)

T L B AR — FeREE TEV R B R AR R 5
Yo s b i RORE, 2 T OR3P ARS8 X Ak A
BHUR TG BT, JF HAE B R - 5245 1
L ST A I PR AN ] % T AR YR A AR R
OB AR 2.2 F 2.3 IUSEERLE RAGH - (1D fudk
AL PR R 758 TR Y A A S 41 B 3R ) VAR 8 M e v
(B 4) 5 (20 WA iR RR B — 95 B 1 BRI ) 77 50
RS > (R AR T B BRI (R 4). I
b, AL AR i R B — B S T R
MME, il T ISR ARG R - R T
MR HER . g8 RERH . AHESELERMMRER
L, WORLARRUN Hr B (K 8a), HA R
N 56.42%.

Yl b U A5 S AL 0 R U BEAE 2R AT
JR SRR R R, R VAN AL
[ T A o 30 T A — A B T IR R B B AR 2 R 2K

........

Ho A SLI0 K HH 3 4T 0 3R R B R 38 AT A
RNz e T P S 2o i =l RSP
AE=23.26 (£ 5). HIRBEM T AE=16.96 FH Lt
(R4, ZAEEEAR, (HIHT WL bR & 5
I FEBRIA L4 (B 8b), HAE a* H)LFAZ.
FCJ5 DR AT B R T R P T M AN, B ZE T
IR EIE L SR B EMEMRA, FTbiaEEREA S
MAE R H E B R R E bR . Bk, PR EIK
T HE, e S R ZE SR AL AR T S
(R BE N 68.13% (K 5). %48 B /KIBEWRIAE R (Bt
RIMER + WS IRAN + B2 40 IR %N 66.23%
k(B4 R4h, HEBESEA A RMRTER
RIMAER, Bl E K EZ, HENHSR
SEK, HoHRARME, R TIEERH - 45
BT B I I AE B3, e S PR K 2R VR
AR, AR5 R R Lt R g 1 .
242 BIREE@Y a5 R ST

B 9 A RA B RHNMREAE G LARFEHINA
Fig.9 Appearance of microcapsules loaded with betanin on
flatbread before and after cooking
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Table 5 The L*, a*, b*, AE values and retention rate of microcapsules loaded with betanin before and after cooking

]2 B 8] L* a*

b* AE PREF/%

AT 2147+247 43.42+287

il

& 32.03+4.09 44.51+1.81

-2.30+1.12

23.26+2.66 68.13+1.89

18.25 £0.65

&6 MHMERIECENBRBEAEF LERBEHLY a*. b*. MAEE

Table 6 The L*, a*, b* and AE values of microcapsules loaded with betanin on flatbread before and after cooking

AT L* a* b AE
AT 64.68 +1.73 12.15 £1.09 13.07 £0.76

N 12.86 £1.39
ki 59.78 £2.29 15.27 £0.89 17.05 £0.71
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